proposed a method for estimating hop parameters based on Pseudo Wigner-Ville Distribution (PWVD). There are also cross-terms along frequency axis, but they can often reduced by a two dimensional low-pass filtering of WVD, leading to the smoothed PWVD so that the estimation of hop during parameter is reliable above 4dB [8], [9] . However, the SPWVD reduces time and frequency
Research on parameter estimation of FH signals by using time-frequency analysis has been carried out for at least two decades. In these literatures, two philosophies for approaching the parameter estimation problem exist-an adaptive component decomposition approach and kernel design approach. FH signals that consist of various TF structures are represents as a combination of components in the former type, which give important information about inner structures. These components could be obtained by using the matching pursuit algorithm commonly [4] [5] [6] . But these methods require building parametric, redundant, and well-localized TF atoms, which are matched with FH components difficultly, and high computational time is also a huge bottleneck. In the latter type, FH signals is described generally by a function with time and frequency variables and parameter estimation is operated on the TF plane. Barbarossa [7] proposed a method for estimating hop parameters based on Pseudo Wigner-Ville Distribution (PWVD). There are also cross-terms along frequency axis, but they can often reduced by a two dimensional low-pass filtering of WVD, leading to the smoothed PWVD so that the estimation of hop during parameter is reliable above 4dB [8] , [9] . However, the SPWVD reduces time and frequency [10] . The method reallocates the energy value of arbitrary point in the original TF plane to the center of gravity of these energy contributions, which is applied to parameter estimation by [11] . Image processing techniques are also applied in this problem in [12] . 
The best previous position giving the best fitness value of any particle is recorded and represented as 1 1 ( , , )
best particle among all the particles in the populations is represented by the symbol g. The velocity for particle i is represented as 1 1 ( , , )
The particles are manipulated according to the following equation:
t wv t cr t P t x t c r t P t x t
where w is the inertia weight factor; 1 c and 2 c are cognitive and social acceleration factors, respectively. Unfortunately, a cumbersome genetic schedule is necessary to tune the performance of the algorithm [16] .
Masao [17] , [18] divides the whole population into several subpopulations called species directly. Each species s P occupies a different area of the search space and tries to find out the local minima of that area.
Therefore, it can be used to locate all the global minima of the multi-modal function in parallel. If the distance between particle i and species seed s at s P is shorter than the threshold σ called species radius, then i belongs to species s. In general, the Euclidean distance is used, while it is modified according to the application in this paper and illustrated in the following. Now in MultiSpecies PSO (MSPSO), a global best position g P is replaced by the species best s P that is the best position of the species to which the particle i belongs and (1a) of PSO is replaced by:
+ = + − + −(2)
III． SIGNAL MODEL AND PROBLEM FORMULATION

A. Signal Modal
The FH signal is modeled as TF shift result of a single tone 0 ( ) x t , i.e. consists of some components:
where 0 ( ) ( )cos(2 ) 
B. Time Frequency Analysis
The WVD of a signal s (t) is defined as follows: x W t f is WVD of the arbitrary of "base" signal 0 ( ) 
In the above equation (5) [19] . Fig.1 (a) gives the maximum sequence plot of SPWVD which shows peak domains including seven hop components using difference operator. However, we can hardly find the location of these maximums due to the existence of the noise and the interference, for example in SNR -2dB, shown in fig.1 (b) 3) Given species radius, each particle i moves around the search space, and changes its velocity according to (2) and position as (1b).
4)
Find a new species seed s of assigning particle i to appropriate species s using MSPSO algorithm in (8) . the number and parameters of FH components are blind estimated.
V． SIMULATION STUDIES
The performance of the method has been evaluated by simulation in the presence of additive white Gaussian noise using the packet software of MATLAB 7.0. An example is useful to illustrate the estimating procedure.
The hop frequency alphabet is {1.5 kHz, 1.75 kHz, 2.0 kHz, 2.25 kHz, 2.5 kHz, 2.75 kHz, and 3.0 kHz}. The sample rate is 10 kHz. The hop during is 12.8ms. Figure 2 shows the evolution of clusters of a species in a particle swarm when the whole population is 500, the maximum velocity is twenty percent of the variable range, species radius is 65, and the maximum number of iteration is 300. The horizontal axis corresponds to time while the vertical one represents normalized frequency. During the evolution of population, each particle moves around the search space and immigrate from one species to another until the whole population is partitioned into different species, which the number of species is the number of signal components, i.e. 7. The trajectory of a particle can be guaranteed to converge if the parameters of PSO are chosen so that the corresponding particle's location always falls in the convergent region as shown in Fig.2 (ac) . For the two acceleration coefficients and the inertia weight, we set the standard values 2.05, 0.8, respectively as in [18] .
The performance of this method has been evaluated by simulation in the presence of additive white Gaussian noise. The proposed algorithm was tested for 30 independent runs (trials). In each run, the same parameter as extracted above was used. the range of -10dB to 2dB is shown in Fig.3 using the proposed method and the algorithm in [7] . It can be seen from Fig.3 that the modified MSPSO algorithm using our approach can be used to estimate parameter of FH signals.
This algorithm achieves several goals comparing with [9] . 
